Although it has been less well studied, the behaviour of manganese in this respect is comparable. For instance, iron absorption is increased in isolated gut segments of iron-deficient rats, as is the absorption of cobalt, manganese and zinc (Forth, 1970) . As has been shown for lead, calcium supplementation reduces manganese uptake, enhances its fecal excretion, and decreases its concentration in the blood and liver (Johnson and Kies, 1989) . Mn absorption is inhibited by a high load of dietary calcium in several animal species (Hawkins et al, 1955; Van Barneveld and Van den Hamer, 1985; Smith and Kabaija, 1986) as in man (Greger et al, 1977; Freeland-Graves and Lin, 1991) , but this effect has occasionally not been observed (Spencer et al, 1979) . Manganese uptake by brush border intestinal vesicles is also markedly inhibited by iron, cobalt and zinc (Kabata et al, 1989 ). These observations seem to indicate that all these cations compete for a common site of transfer.
The second line of evidence is the effect of dietary sugars. The absorption of these cations, principally divalent, is greatly enhanced in the presence of sugars (Fournier and Dupuis, 1981; Bushnelli and De Luca, 1983) ; lactose and sorbitol have been the most extensively studied. They were found to enhance intestinal manganese transport by Fournier and Fournier (1972) , while King et al (1980) (Hanna et al, 1979; Tardivel et al, 1987) . The effect of manganese on intestinal phosphatase activity is not known. However, this cation activates alkaline phosphatases from bovine kidney (Cathala et al, 1975) and from various subcellular fractions of insect tissues (Hodgson and Kumar, 1964 
MATERIALS AND METHODS
All experiments were carried out on adult male Wistar rats. They were fed ad libitum with a balanced diet containing 0.6% calcium, 0.375% phosphorus and 0.005% manganese (Randoin and Causeret, 1947 Alkaline phosphatase activity Alkaline phosphatase activity was determined at 37 °C in 3 ml 30 mM Na 2 CO 3 -NaHC0 3 buffer, pH 9.6. The concentrations of paranitrophenylphosphate (PNPP), the different cations and the incubation time are given for each experiment.
Statistical analysis
The results are given as means ± SEM. The groups were compared by using Student's t-test.
RESULTS
Effect of sorbitol on ileal Mn transfer in the presence and absence of NaCi (fig 1 A) and Mn retention in the liver were found to be the same (fig  1 B) . However, ileal Mn transfer was signifi-icantly enhanced (50%) between 30 and 120 min in the presence of 100 mM sorbitol ( fig 1A) . Similarly, sorbitol induced a significant increase in liver Mn between 30 and 120 min; this value was 3-fold that of controls at 120 min (fig 1 B) (fig 2) . Two hundred mM lactose had little effect on Mn transfer (35% increase) in the presence of Ca, but enhanced it by 251% in the absence of Ca (fig 2) .
Effect of Mn and other bivalent cations on intestinal alkaline phosphatase activity (fig 3) The initial rate of p-nitrophenylphosphate (PNPP) hydrolysis at low substrate concentrations was linear from 0.05-0.5 mM PNPP (incubation time = 10 min) in the absence of cations. The rate was doubled at each PNPP concentration in the presence of 1 mM Mg 2 +. 1 mM Mn 2 + was even more effective, quadrupling the hydrolysis rate at 0.25 mM PNPP. The effects of Mn and Mg were the same at 0.5 mM PNPP.
DISCUSSION
Several factors are known to affect manganese absorption, including species, age, sex and nutritional status (Lonnerdal et al, 1987 ; Lee and Johnson, 1988) . The present study examined the effects of sugars on manganese transport, which is similar to calcium transport. It is thus possible that a common mechanism is implicated in all divalent cation transport. (Fournier et al, 1972) .
Thus the relative concentrations of the cations determined their competitive action (Johnson and Kies, 1989; FreelandGraves and Lin, 1991) . ).
The mutual antagonism between calcium and manganese transfer has been interpreted in terms of their impact on calcium channels (Chiesi and Inesi, 1981 or interaction on a common transport site (Rosenberger and Triggle, 1978) . It has also been shown that this cation inhibits iron uptake and release by rat liver slices (Saltman et al, 1956 (Chiesi and Inesi, 1981 Moreover, phosphorylatable microvillar proteins display identical electrophoretic properties to the forms of alkaline phosphatase throughout the small intestine (Crouzoulon et al, 1983; De Jonge et al, 1981; Tardivel et al, 1987) . Such protein phosphorylation is essential for transmembrane transport and its regulation.
